Background: As there is no optimal treatment of non small cell lung cancer due to its resistance to common chemotherapeutics, we investigated the effect of human placenta-conditioned medium on tumor tissue. The human placenta constitutes a mixture of maternal and fetal origin and displays a variety of immunomodulatory aspects.
Findings
Although new treatment regimens are currently being developed, Non small cell lung cancer (NSCLC) still remains a fatal diagnosis and the success in its treatment up to date is not satisfying. Due to the poor response to common chemotherapeutics there are multifaceted endeavors to resolve these obstacles. This study focused on the effects of placenta-conditioned medium on human lung carcinoma.
The placenta has immunomodulatory properties
The human placenta as a unique structure of maternal and fetal origin has become a focus of interest in recent publications. The semi allograft fetus is a challenge for the maternal immune system and the exact way of avoiding its rejection is up to date not completely known. The implanting blastocyst adheres to the uterine wall and soon thereafter cytotrophoblast cells invade the endometrium to establish in cooperation with the maternal tissue a suitable habitat for the growing fetus. The processes after implantation resemble in many aspects some traits of neoplastic cells. As these cells have to gain access to the bloodstream via de novo vascularization, produce their own growth factors and invade adjacent tissue by the use of proteases like cathepsins or matrix-metalloproteinases (MMPs), one can speak of a transient pseudotumorigenesis [1] . As a stranger in a strange land, the fetus has to evade and mediate its mother's immune response through many sophisticated mechanisms as reviewed elsewhere; not only alone but rather in a dialogue with the temporary host [2] . A remarkable micro array study of placental expression patterns revealed a rich diversity of tissue and function restrictions [3] and overexpression of placental growth factor (PlGF) in cell culture seemed to inhibit tumor growth in a mouse model [4] .
Growth suppression of transformed cells through placental extract
As evidence of a possible effect of gene transcription and transformed cell growth suppression by placental extract is not new [5] [6] [7] we examined in this study for the first time the effect of placenta-conditioned medium on human tumor tissue and in cell culture, respectively. To test whether placental-conditioned medium has an effect on apoptosis and proliferation the expression of effector caspase-3 and of Ki67 were analyzed with immunohistochemistry in NSCLC-tissues and A549 cells. Sterile filtrated and non-filtrated conditioned medium caused expression of caspase-3 and a reduced expression of Ki67 in comparison to medium controls. Term placental tissue was obtained from healthy patients after cesarean section and immediately processed for tissue and cell culture in the following manner: For conditioned medium the placental tissue was cut into small pieces approx. 0,6 cm 3 , transferred into 6 ml RPMI-1640 (Gibco ® , Invitrogen, Karlsruhe) and incubated for not more than 4 h at 37°C. For sterile filtration of media a Rotilabo ® -syringe-filter (Carl Roth GmbH, Karlsruhe) with 0.22 μm cut-off size was used. Filtrated and unfiltrated media were used for tissue culture and HOPE-fixation according to Lang et al. [8] with freshly resected tumor tissue. As negative control, tumor tissue was treated with RPMI-1640. After fixation with HOPE-fixative the paraffin-embedded tissue was deparaffinized and rehydrated as previously described [9] . The primary antibody (anti-Caspase-3-cleaved, clone: CI752C002, DCS Innovative Diagnostik Systeme, Hamburg and anti-Ki67, clone: MIB-1, Dako, Hamburg) was incubated for 30 min. in a 1:100 dilution. For sensitive detection with permanent AEC (Zytomed Systems) as chromogen an enzyme-polymersystem (ZytochemPlus HRP Polymer Kit, Zytomed Systems) was used. Tissue sections were counterstained by incubation in Mayer's haemalum for 5 minutes.
Upregulation of Caspase-3 and suppression of Ki67 in squamous cell carcinoma by placenta-conditioned medium
Immunohistochemistry staining detected an elevated expression of caspase-3 (N = 2) and reduced expression of Ki67 (N = 3) after incubation of 16 h with conditioned medium (Figure 1 ). This indicates an apoptotic-promoting and growth-restricting effect of the conditioned medium. Whether this might be due to death-inducing TNF-superfamily ligands, which are abundant in placenta [10] remains to be elucidated. Common chemotherapeutic agents like Carboplat/Gemzar, which were applied in a typical therapy dose rate like previously described [8] , caused no induction of Caspase-3 expression and a comparably small effect on proliferation; exemplified for Carboplat in Figure 1 . To exclude reactions between tumor tissues and remaining immune cells from the placental tissues, the effects of conditioned media on A459 cells were further analyzed.
Apoptosis and reduced proliferation of A549 cells A549 cells were treated equally as lung tumor tissue and thereafter fixed via cytospin preparation on cover slides. Even sterile filtrated conditioned medium, which doesn't contain any immunological active cells like Hofbauer cells, caused constantly reduced expression of Ki67 (Figure 2) and karyopyknosis ( Figure 3) . This supports the results from tissue culture experiments. To draw a conclusion, there is evidence to suggest that placenta-conditioned medium contains ingredients which promote apoptosis and reduce proliferation in human tumor tissues. Even as the filtrated medium promotes the mentioned effects we hypothesize that some sort of soluble factors are the conducting elements and we recommend further studies about their nature. We are well aware that the amount of samples analyzed here demands validation Immunohistochemical detection of Ki67 on cytospin fixed A549 cells after incubation with sterile-filtrated placenta-conditioned medium Figure 2 Immunohistochemical detection of Ki67 on cytospin fixed A549 cells after incubation with sterile-filtrated placenta-conditioned medium.
in further studies. The reason for the limited sample size is the challenge of well-timed logistics to simultaneously obtain fresh placenta and tumor tissues. Implementation of automatic sample analysis techniques [11, 12] could reduce subjective influences in the above mentioned case and refine the drafted conclusions.
Nevertheless, we clearly showed antitumoral effects of substances which are released from placenta in human NSCLC tissues and A549 cells. The antitumoral effects from placenta were stronger than those obtained with conventional chemotherapeutics in the same model. Further studies are underway to characterize the active substances released by the placenta. We conclude that the pro-apoptotic and anti-proliferative properties of substances released by the human placenta to NSCLC may lead to novel treatment approaches.
